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(54) Abstract Title 

Off-centre or multipoint driven panel loudspeaker 

(57) A panel speaker includes an acoustic vibrating plate or diaphragm 1 driven by an off-centre driver 2. 

The driver may be located at various positions and more than one driver may be used (see figs 10, 11, 
12,16, 19, 22, 23, 24 and 25). 

A control unit (50, fig 16) controls the driver(s). 
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PANEL SPEAKER 

Background of the Invention 

1 , Fiftld of the Invention 
5 The present invention relates to a 

loudspeaker, and more particularly to a panel 
speaker with a wide free space in various 
applications such as a thin panel type, a wall 
mounted type, a picture stand type, and a vehicle 

10 mounted type. 

2 , Description of the Related Art 

A conventional panel speaker is provided 
with an acoustic vibrating plate used as a panel, 
which can emit sounds when being driven by a 

15 vibration driver. Such a panel speaker is known 
in Japanese Patent Laid Open Patent Application 
(JP-A-Showa 58-210800), as shown in Fig. 1. In 
this conventional example, a vibration driver 2 
is mounted in substantially the center of an 

20 acoustic vibrating plate 1 to apply vibration to 
the acoustic vibrating plate in a thickness 
direction of the vibrating plate 1. 

Figs. 5 and 6 illustrate profiles of 
simulation of the acoustic vibrating plate 1 when 

25 the center of the acoustic vibrating plate 1 is 
driven by the vibration driver 2 at frequencies 
of 5 kHz and 15 kHz, respectively. In the figures, 



the arrows indicate the direction of vibration 
applied by the vibration driver 2, and the 
amplitude of vibration of the acoustic vibrating 
plate 1 is exaggerated. 

Also, another conventional panel speaker is 
disclosed in Japanese Patent Laid Open Patent 
Application (JP-A-Heisei 4-150298). In this 
reference, a single vibration driver is mounted 
on substantially the center of the acoustic 
vibrating plate, or a plurality of vibration 
drivers are mounted substantially in symmetry 
with respect to the center of the acoustic 
vibrating plate. In addition, the thin panel 
speaker is used for a picture frame. As the panel 
speaker is assembled to function as a hold-down 
plate at the back side of a picture stand or a 
picture frame, its speaker system will be 
provided without reducing the interior space of a 
room . 

However, the vibration driver mounted on 
substantially the center of the acoustic 
vibrating plate may yet occupy a sizable space, 
and preventing any instrument using the panel 
speaker from being down-sized. 

The panel speaker has a thickness which is 
a sum of the thickness of the acoustic vibrating 
plate and the thickness of the vibration driver. 
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This will require the panel speaker having the 
foregoing structure to put unfavorably in a wider 
space . 

Consider a case where a panel speaker is 
5 stored to address in the direction shown by the 
arrow 111, as shown in Figs. 2A and 2B. An 
acoustic vibrating plate 1 could be seated in a 
space equal to the thickness 19 by the width 18 
of the acoustic vibrating plate 1. However, in 

10 practice, a vibration driver 2 is mounted on 
substantially the center of the acoustic 
vibrating plate 1. Therefore, there is 
additionally required a space defined by the 
thickness 29 of the vibration driver 2 and a 

15 width 27 from the edge of the acoustic vibrating 
plate 1 to the edge of the vibration driver 2 on 
the back side. In this case, along the widthwise 
direction, a size defined by the width 21 9 from 
the edge of the acoustic vibrating plate 1 to the 

20 vibration driver 2 and the thickness 29 of the 
vibration driver 2 is a waste space. 

Also, as shown in. Fig. 3, if the two panel 
speakers are stored side by side, the thickness 
209 required for the storage is equal to a sum of 

25 the thickness 109 of the panel speaker 100 

composed of the acoustic vibrating plate 1 and 
the vibration driver 2 and the thickness 109' of 



a second panel speaker 100' composed of an 
acoustic vibrating plate 1' and a vibration 
driver 2'. More specifically, the overall 
thickness required for the storage is two times 
5 of a sum of the acoustic vibrating plate and the 
vibration driver, resulting in increase of the 
waste space. 

Fig. 4 shows an attempt for reducing the 
overall thickness, in which the vibration drivers 
10 2 and 2' of the panel speakers 100 and 100' are 
prevented from being overlapped each other. 
Although the overall thickness 209 is reduced by 
the thickness of one vibration driver as compared 
with the above panel speaker shown in Fig. 3. 
15 However, the overall height 110 is increased. 

This also fails to demonstrate the advantage of 
the thin-type panel speakers. 

In a conventional speaker structure where 
the vibration driver is mounted at substantially 
20 the center of the acoustic vibrating plate, the 
acoustic vibrating plate is commonly made of an 
opaque material for shielding the vibration 
driver from view. Accordingly, the conventional 
panel speaker structure will be restrictive in 
25 the application and the down-sizing of any 

instrument using the conventional panel speaker 
will be difficult. 
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In conjunction with the above description, 
a panel type speaker is disclosed in Japanese 
Laid Open Patent Application (JP-A-Heisei 2- 
170795)* In this reference/ the panel type 
5 speaker is composed of a thin plate section and 
an electric-signal-to-vibration converter. A 
paint and photograph can be attached to a front 
plane of the thin plate section. A connection 
section is provided at a back plane to receive 

10 vibration. The converter is connected to the thin 
plate section to emit the vibration toward the 
thin plate section. 

Also, a panel speaker is disclosed in 
Japanese Laid Open Patent Application (JP-A- 

15 Heisei 4-287500). In this reference, a concave 
portion (14) is formed in an acoustic vibration 
plate (1) in correspondence to an amplifier 
section (15). The amplifier section (15) is fit 
to the concave portion (14) and is fixed to a 

20 frame ( 7a ) . 

Also, a panel speaker with a waterproof 
function is disclosed in Japanese Patent No. 
2,570,679. In this reference, a gap section is 
formed in resin sheet fitting section at the 

25 front and back planes of a resin frame panel in a 
panel speaker with a waterproof function. That is, 
resin sheets with a waterproof function are 



provided for the front and back planes of an 
acoustic vibration plat to which a piezoelectric 
type acoustic driver is provided for a foaming 
resin board. Limb sections of the resin sheets 
5 with the waterproof function are fit to the resin 
frame which is provided around the acoustic 
vibration plate. The section shape of the resin 
frame has a gap section such as U-shaped or Z- 
shaped formation. 

10 

Summary of the Invention 
Therefore, an object of the present 
invention is to provide a panel speaker in which 
the dimensions of a space for storing a panel 
15 speaker can be minimized. 

Another object of the present invention is 
to provide a panel speaker in which the panel 
speaker itself or an instrument using the panel 
speaker can be down-sized by changing the 
20 location of a vibration driver on an acoustic 
vibrating plate. 

Still another object of the present 
invention is to provide a panel speaker which has 
an acoustic vibrating plate made of a transparent 
25 material and can be used in wide application 
fields of a panel speaker. 

In order to achieve an aspect of the 



present invention, a panel speaker includes an 
acoustic vibrating plate, and a vibration driver 
mounted off a center of the acoustic vibrating 
plate and applying vibration to the acoustic 
5 vibrating plate. 

The vibration driver is desirably located 
outside of a region defined by connecting 
intermediate points of lines extending between 
the center of the acoustic vibrating plate and 

10 edges of the acoustic vibrating plate. In this 
case, the vibration driver is more desirably 
located at or adjacent to an edge portion of the 
acoustic vibrating plate. The acoustic vibrating 
plate may be formed to have substantially a 

15 rectangular shape, and the vibration driver is 
located at or adjacent to a corner of the 
acoustic vibrating plate. 

The direction of application of the 
vibration by the vibration driver desirably may 

20 be a direction other than a direction 

perpendicular to a surface plane of the acoustic 
vibrating plate. 

Also, the acoustic vibrating plate 
desirably has a transparent material film 

25 provided at least locally thereon to allow a 
background to be viewed. In addition, the 
acoustic vibrating plate may have a reflection 
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preventing film provided at least locally thereon 
to prevent reflection of incoming light, or a 
light reflective film to reflect incoming light. 

In order to achieve another aspect of the 
5 present invention, a panel speaker includes an 
acoustic vibrating plate, and a plurality of 
vibration drivers mounted outside of a region 
defined by connecting intermediate points of 
lines extending between a center of the acoustic 

10 vibrating plate and edges of the acoustic 

vibrating plate, and applying vibration on the 
acoustic vibrating plate. 

Here, at least one of the plurality of 
vibration drivers is desirably located at or 

15 adjacent to an edge portion of the acoustic 
vibrating plate. When the acoustic vibrating 
plate is formed to have substantially a 
rectangular shape, the vibration driver may be 
located at or adjacent to one corner of the 

20 acoustic vibrating plate. 

The direction of application of the 
vibration by the vibration driver may be a 
direction other than a direction perpendicular to 
a surface plane of the acoustic vibrating plate. 

25 Also, an amplitude of the vibration applied 

by at least one of the plurality of vibration 
drivers may be different from an amplitude of the 
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vibration applied by each of the remaining 
vibration drivers. The direction of the vibration 
applied by at least one of the plurality of 
vibration drivers may be different from a 
5 direction of the vibration applied by each of the 
remaining vibration drivers. In addition, the 
phase of the vibration applied by at least one of 
the plurality of vibration drivers may be 
different from a phase of the vibration applied 
10 by each of the remaining vibration drivers. 

Also, the acoustic vibrating plate may have 
a transparent material film provided at least 
locally thereon to allow a background to be 
viewed, or have a reflection preventing film 
15 provided at least locally thereon to prevent 
reflection of incoming light, or a light 
reflective film to reflect incoming light. 

In order to achieve still another aspect of 
the present invention, a panel speaker includes 
20 an acoustic vibrating plate, a plurality of 

vibration drivers mounted outside of a region 
defined by connecting intermediate points of 
lines extending between a center of the acoustic 
vibrating plate and edges of the acoustic 
25 vibrating plate and applying vibration on the 
acoustic vibrating plate, and a control unit 
controlling at lease one of the plurality of 
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vibration drivers. 

The control unit controls an amplitude of 
the vibration applied by the at least one 
vibration driver, or controls a phase of the 
vibration applied by the at least one vibration 
driver. Also, the control unit controls the 
plurality of vibration drivers to control 
propagation of vibration in the acoustic 

vibrating plate. 

Also, the acoustic vibrating plate may have 
a transparent material film provided at least 
locally thereon to allow a background to be 
viewed, or have a reflection preventing film 
provided at least locally thereon to prevent 
reflection of incoming light, or a light 
reflective film to reflect incoming light. 

Brief Description of the Drawings 

Fig. 1 a schematic view showing an 
structure of a conventional panel speaker; 

Figs. 2A and 2B are schematic views 
describing a concept of the thickness of the 
conventional panel speaker; 

Fig. 3 is a schematic view describing two 
of the conventional panel speakers arranged side 
by side; 

Fig. 4 is a schematic view describing two 
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of the conventional panel speakers arranged side 
by side in another relationship; 

Fig. 5 is a profile of vibration on the 
acoustic vibrating plate when the vibration of 5 
kHz is applied to the acoustic vibrating plate in 
the conventional panel speaker shown in Fig. 1; 

Fig. 6 is a profile of vibration on the 
acoustic vibrating plate when the vibration of 15 
kHz is applied to the acoustic vibrating plate in 
the conventional panel speaker shown in Fig. Is 

Fig. 7 is a schematic view of a panel 
speaker according to a first embodiment of the 
present invention; 

Figs. 8A and 8B are schematic views 
describing a concept of the thickness of the 
panel speaker shown in Fig. 7; 

Fig. 9 is a schematic view describing two 
of the panel speakers in the first embodiment 
shown in Fig. 7 arranged side by side in another 
relationship ; 

Fig. 10 is a schematic view of a panel 
speaker according to a second embodiment of the 
present invention; 

Fig. 11 is a schematic view of a panel 
speaker according to a third embodiment of the 
present invention; 

Fig. 12 is a schematic view of a panel 
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speaker according to a fourth embodiment of the 
present invention; 

Figs, 13A and 13B are schematic views 
describing a concept of the thickness of the 
5 conventional panel speaker and a concept of the 
thickness of the panel speaker shown in Fig. 12; 

Fig. 14 is a profile of vibration of the 
acoustic vibrating plate when the vibration of 5 
kHz is applied to the panel speaker shown in Fig. 
10 11; 

Fig. 15 is a profile of vibration of the 
acoustic vibrating plate when the vibration of 15 
kHz is applied to the panel speaker shown in Fig. 
11; 

15 Fig. 16 is a schematic view of a panel 

speaker according to a fifth embodiment of the 

present invention; 

Fig. 17 is a profile of vibration of the 

acoustic vibrating plate when the vibration of 5 
20 kHz is applied to the panel speaker shown in Fig. 

16 ; 

Fig. 18 is a profile of vibration of the 
acoustic vibrating plate when the vibration of 15 
kHz is applied to the panel speaker shown in Fig. 
2 5 16; 

Fig. 19 is a schematic view of a panel 
speaker according to a sixth embodiment of the 
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present invention; 

Fig. 20 is a profile of vibration of the 
acoustic vibrating plate when the vibration of 5 
kHz is applied to the panel speaker shown in Fig. 
19; 

Fig. 21 is a profile of vibration of the 
acoustic vibrating plate when the vibration of 15 
kHz is applied to the panel speaker shown in Fig. 
19 ; 

Fig. 22 is a schematic view of a panel 
speaker according to a seventh embodiment of the 
present invention ; 

Fig. 23 is a schematic view of a panel 
speaker according to an eighth embodiment of the 
present invention ; 

Fig. 24 is a schematic view of a panel 
speaker according to a ninth embodiment of the 
present invention; and 

Fig. 25 is a schematic view of a panel 
speaker according to a tenth embodiment of the 
present invention . 

Description of the Preferred Embodiments 

Hereinafter, a panel speaker of the present 
invention will be described below in detail with 
reference to the attached drawings. 

Fig. 7 is a schematic view of the panel 
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speaker according to the first embodiment of the 
present invention. As shown in Fig. 7, the panel 
speaker is composed of an acoustic vibrating 
plate 1 and a vibration driver 2. The vibration 
driver 2 in this embodiment is located off the 
center of the acoustic vibrating plate 1. 

Figs. 8A and 8B are schematic views showing 
the space required for storing the panel speaker 
of Fig. 7 addressing in the direction shown by 
the arrow 111. As described above, in the 
conventional speaker structure shown in Fig. 1, 
the vibration driver 2 is mounted adjacent to the 
center of the acoustic vibrating plate. As 
compared with the conventional panel speaker, the 
width 27 from an edge of the acoustic vibrating 
plate 1 to an edge of the vibration driver 2 on 
the back side in the arrow direction is decreased. 
As a result, the space for storage can be reduced. 

Also, as shown in Fig. 7, the vibration 
driver 2 is located outside of a region formed by 
connecting the intermediate points of lines 
between the center and the corners of the 
acoustic vibrating plate 1. In this case, 
therefore, the space for storage can be reduced, 
since the acoustic vibrating plate 1 has 
advantageously a wider free-space zone about the 
center thereof. Therefore, the wider zone can 
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contribute to the down-sizing of an panel speaker 
itself and a panel speaker system using the panel 
speaker. Also, the wider zone allows the acoustic 
vibrating plate 1 to be utilized for a more 
5 number of applications. 

Also, in case where a first panel speaker 
100 is composed of an acoustic vibrating plate 1 
and a vibration driver 2, and a second panel 
speaker 100' is composed of an acoustic vibrating 

10 plate 1' and a vibration driver 2', it is 

supposed that two of the panel speakers are 
placed side by side as shown in Fig. 9. In this 
case, the vibration driver 2 of the first panel 
speaker 100 is different in location from the 

15 vibration driver 2* of the second panel speaker 

100'. Accordingly, while the two are set side by 
side, their height 110 remains unchanged. The 
thickness at that time is equal to a sum of two 
times the thickness of the acoustic vibrating 

20 plate 1 and 1' and the thickness of the vibration 
driver 2. Thus, the panel speaker can be down- 
sized and its storage requirement will be 
improved . 

Fig. 10 is a schematic view of the panel 
25 speaker according to the second embodiment of the 
present invention. As shown in Fig. 10, the panel 
speaker in the second embodiment is composed of 
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the acoustic vibrating plate 1 and the vibration 
driver 2. The vibration driver 2 in this 
embodiment is located at an edge portion of the 
acoustic vibrating plate 1. In this way, the 
width 27 from an edge of the acoustic vibrating 
plate 1 to an edge of the vibration driver 2 on 
the back side in the storage direction can be 
much reduced, compared with the panel speaker in 
the first embodiment. Hence, the space required 
for storage can be further reduced. Also, in case 
that the panel speaker in the second embodiment 
is utilized as a picture frame speaker, the 
vibration driver 2 can be mounted in the picture 
frame. This allows the thickness of the picture 
frame speaker to be reduced, maintaining the 
broadness of a living space. 

Fig. 11 is a schematic view of the panel 
speaker according to the third embodiment of the 
present invention. As shown in Fig. 11, the panel 
speaker is composed of the acoustic vibrating 
plates and the vibration driver 2. The vibration, 
driver 2 in the third embodiment is located at 
one corner of the acoustic vibrating plate 1. In 
this way, the width 27 from an edge of the 
acoustic vibrating plate 1 to an edge of the 
vibration driver 2 on the back side in the 
storage direction can be further minimized, 
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compared with the case in the first embodiment. 
Hence, the space required for storage can be 
further reduced. Also, in case that the panel 
speaker in the third embodiment is utilized as a 
5 picture frame speaker, the vibration driver 2 can 
be mounted in the picture frame. This allows the 
thickness of the picture frame speaker to be 
reduced, maintaining the broadness of a living 
space . 

10 Figs. 14 and 15 illustrate profiles of 

simulation of the acoustic vibrating plate 1 of 
the panel speaker according to the third 
embodiment of the present invention shown in Fig. 
11 when vibrations having the frequencies of 5 

15 kHz and 15 kHz are applied to its corner of the 

acoustic vibrating plate 1, respectively. In the 
figures, the arrow marks indicate the direction 
of application of the vibrations, and the 
amplitudes of vibrations of the acoustic 

20 vibrating plate 1 are exaggerated. 

In comparison between the vibration of the 
acoustic vibrating plate 1 in the third 
embodiment and the vibration in the conventional 
panel speaker shown in Figs. 5 or 6, the both are 

25 similar at 15 kHz but very different at 5 kHz. 
More specifically, sounds produced by the 
vibration of the acoustic vibrating plate 1 in 
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the third embodiment may be different more or 
less from those produced by vibration applied to 
the center of the conventional panel, depending 
on the applied frequency. 
5 Fig. 12 is a schematic view of a panel 

speaker according to the fourth embodiment of the 
present invention. As shown in Fig. 12, the panel 
speaker is composed of the acoustic vibrating 
plate 1 and the vibration driver 2. The vibration 

10 driver 2 in the fourth embodiment is located at 
one corner of the acoustic vibrating plate 1 to 
apply vibration to the acoustic vibrating plate 1 
into a direction different from the direction 
perpendicular to the surface plane of the 

15 acoustic vibrating plate 1. 

Figs. 13A illustrates a case that the 
vibration driver 2 extends in the direction 
perpendicular to the surface plane of the 
acoustic vibrating plate 1. Fig. 13B illustrates 

20 a case that the vibration driver 2' is arranged 
to have an angle 6 (0^ 8 <90 degrees) to the 
surface plane the acoustic vibrating plate 1'. 

The provision of the angle 6 decreases the 
overall thickness of the panel speaker shown in 
25 Fig. 13B to the thickness 109' smaller than the 
overall thickness 109 of the panel speaker shown 
in Fig. 13A. As the angle 0 becomes close to 



zero, th effect can be expected to be large. 
Accordingly, the panel speaker can be down-sized 
and its storage requirement will be improved. 

Fig. 16 is a schematic view of a panel 
5 speaker according to the fifth embodiment of the 
present invention. The panel speaker in the fifth 
embodiment is composed of the acoustic vibrating 
plate 1, a first vibration driver 2, an 
additional, second vibration driver 2', and a 

10 control unit 50-1- The first vibration driver 2 
is mounted at one corner of the acoustic 
vibrating plate 1 and the second vibration driver 
2' is mounted to another corner of the acoustic 
vibrating plate for producing a vibration close 

15 to the vibration of the conventional panel 

speaker. The control unit 50-1 receives an audio 
signal to drive the first and second vibration 
drivers 2 and 2 1 . 

Figs. 17 and 18 illustrate profiles of 

20 simulation of the acoustic vibrating plate 1 in 
the fifth embodiment when vibrations having the 
frequencies of 5 kHz and 15 kHz are applied to 
the vibration drivers 2 and 2' at two different 
corners. In the figures, the arrow marks indicate 

25 the direction of vibration, and the amplitudes of 
vibrations of the acoustic vibrating plate 1 are 
exaggerated. In this case, the vibration of the 
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acoustic vibrating plate 1 at the frequency of 5 
kHz in the fifth embodiment is similar to that of 
the conventional panel speaker shown in Fig. 5, 
although locally. On the other hand, the 
5 vibration of the acoustic vibrating plate 1 at 
the frequency of 15 kHz in the fifth embodiment 
is similar to that of the conventional panel 
speaker shown in Fig. 6, as in that of the third 
embodiment. This embodiment allows the difference 

10 of vibration of the acoustic vibrating plate 1 at 
5 kHz between the third embodiment and the 
conventional panel speaker to be reduced while 
the similarity of the vibration at 15 kHz of the 
third embodiment to that of the conventional one 

15 remains. Accordingly, sounds produced in the 
fifth embodiment can be improved compared with 
that of the third embodiment. 

Fig. 19 is a schematic view of a panel 
speaker according to the sixth embodiment of the 

20 present invention. The panel speaker in the sixth 
embodiment is composed of the acoustic vibrating 
plate 1, a first vibration driver 2, an 
additional, second vibration driver 22, and a 
control unit 50-2. In this embodiment, the second 

25 vibration driver 22 is smaller in size than the 
first vibration driver 2, and is provided at a 
different corner of the acoustic vibrating plate 
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1 from the corner wh re the first vibration 
driver 2 is provided. The control unit 50-2 
controls the second vibration driver 22 to drive 
the acoustic vibrating plate 1 with the vibration 
5 having an amplitude smaller than that of the 

vibration which is applied to the first vibration 
driver 2. Thus, the control unit 50-2 controls 
propagation of vibration in the acoustic 
vibrating plate. That is, by applying the 

10 vibrations of different amplitudes to the 

different vibration drivers 2 and 22 r a vector of 
the applied vibrations can be changed or 
controlled . 

Figs. 20 and 21 illustrate profiles of 

15 simulation of the acoustic vibrating plate 1 in 
the sixth embodiment to which vibrations having 
the frequencies of 5 kHz and 15 kHz are applied 
to the two different corners of the acoustic 
vibrating plate 1, respectively. In the figures, 

20 the arrow marks indicate the directions of 

application of vibrations, and the amplitudes of 
vibrations of the acoustic vibrating plate 1 are 
exaggerated. As apparent from the simulation 
profiles, the vibration of the acoustic vibrating 

25 plate 1 at the frequency of 5 kHz is much similar 
to that that of the conventional panel speaker 
shown in Fig. 5, as compared with that of the 
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fifth embodiment. Also, the vibration of th 
acoustic vibrating plate 1 at the frequency of 15 
kHz is similar to that of the conventional one, 
as in the fifth embodiment. 

According to the sixth embodiment, the 
difference of vibration at the frequency of 5 kHz 
between the fifth embodiment and the conventional 
panel speaker is reduced. On the other hand, the 
similarity of the vibration at the frequency of 
15 kHz of the third or fifth embodiment to that 
of the conventional one remains. Accordingly, 
sounds produced in the sixth embodiment can be 
improved, compared with the effect of the fifth 
embodiment. Therefore, as understood from the 
above, the control unit 50-2 may selects 
frequency ranges based on the sizes and/or 
positions of vibration drivers. Then, the control 
unit 50-2 controls the vibration driver 2 to 
apply vibration at a frequency range including 15 
kHz to the acoustic vibrating plate 1 and the 
vibration drivers 2 and 22 to apply vibration at 
another frequency range including 5 kHz to the 
acoustic vibrating plate 1. In this way, energy 
consumption will further be reduced while the 
level of reproduced sounds remains unchanged. 

Fig. 22 is a sch matic view of a panel 
speaker according to the seventh embodiment of 
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the present invention. The panel speaker in the 
s venth embodiment is composed of the acoustic 
vibrating plate 1, a first vibration driver 2, a 
second vibration driver 2', and a control unit 
5 50-3, The second vibration driver 2' is applied 
with vibration to have a direction different from 
vibration applied to the vibration driver 2. At 
that time, the second vibration driver 2' may be 
also applied with vibration to have a different 

10 amplitude from vibration applied to the vibration 
driver 2. In this embodiment, the vibration 
driver 2 and the second vibration driver 2 r are 
mounted on two different corners of the acoustic 
vibrating plate 1 such that their directions of 

15 application of vibration are different from each 
other. This provides the same effect as of the 
fifth and sixth embodiments for improving the 
quality of reproduced sounds . 

Fig. 23 is a schematic view of a panel 

20 speaker according to the eighth embodiment of the 
present invention. The panel speaker in the 
eighth embodiment is composed of the acoustic 
vibrating plate 1, a first vibration driver 2, an 
additional, second vibration driver 2 f # and a 

25 control unit 50-4. The second vibration driver 2' 
applies vibration to the acoustic vibrating plate 
1 from a direction opposite to that of the 
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vibration driver 2. The eighth mbodiment is to 
meet a requirement where the two vibration 
drivers 2 and 2 ' are mounted on both of the front 
surface side and the back surface side of the 
5 acoustic vibrating plate 1. The control unit 50-4 
controls the first and second vibration drivers 2 
and 2' based on their positions such that the 
phase of the vibration applied to the second 
vibration driver 2' is inverse to that of the 
10 vibration applied to the vibration driver 2. In 
this case, the same effect as of the fifth and 
sixth embodiments can be obtained. 

It should be noted that the number of the 
vibration drivers used in each previous 
embodiment is not limited to one or two but may 
be three or more if desired. Fig. 24 shows a 
ninth embodiment of the present invention in 
which more than three of the vibration drivers 2 
are mounted on the acoustic vibrating plate l. in 
that case, the vibration drivers 2 are positioned 
outside of a region formed by connecting the 
intermediate points of lines between the center 
of the acoustic vibrating plate 1 and the edges 
of the acoustic vibrating plate 1, respectively. 
This sav s a wider space at the c nter of the 
acoustic vibrating plate 1 which may be used for 
other purposes. 
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Fig. 25 illustrates the panel speaker 
according to the tenth embodiment of the present 
invention where more than three of the vibration 
drivers 2 are used. In this embodiment, all the 
5 vibration drivers 2 are located outside of a 
region formed by connecting the intermediate 
points of the lines between the center of the 
acoustic vibrating plate 1 and the edges of the 
acoustic vibrating plate 1. Also, the all the 

10 vibration drivers 2 are located nearly to one 
side of the acoustic vibrating plate 1. In the 
tenth embodiment, the volume of the panel speaker 
necessary for storage can further be reduced in 
addition to the effect of the ninth embodiment. 

15 As described previously, the location of 

application of vibration by the vibration driver 
is off the center of the acoustic vibrating plate. 
Thus, the acoustic vibrating plate can vibrate to 
have a different pattern of vibration from any of 

20 the conventional panel speakers, depending on a 
combination of the location and direction of 
application of the vibration and the frequency 
and amplitude of the vibration. 

In the above fifth to tenth embodiments, 

25 the control unit may control at least one of the 
vibration drivers to have an optimum valu in the 
amplitude, the direction, or the phase of 
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vibration in accordance with an external 
requirement and thus to improve the quality of 
reproduced sounds. 

The panel speaker may be added with the 
feeding back circuit to dynamically control the 
frequency characteristic of the sound emitted 
from the panel speaker to a desired level. 

As described in each of the above 
embodiments of the present invention, each 
vibration driver is not mounted on a central 
portion of the acoustic vibrating plate. Thus, 
the central portion can be utilized as a free 
space. Accordingly, the down-sizing of a system 
using the panel speaker can be enabled through 
the effective use of the free space. Also, the 
shape of the panel speaker may be rectangular as 
described above or polygonal. In this case, the 
vibration drivers may be located at one of 
corners. Also, the application fields of the 
acoustic vibrating plate can be enlarged, 
permitting a variety of materials to be used for 
implementing the acoustic vibrating plate. For 
example, the acoustic vibrating plate 1 may be 
made of a light transmlssive or transparent sheet 
member as th whole or partially in the pan 1 
speaker of any previous embodim nts. In this case, 
the panel speaker can be easily used as a 
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transparent and protective film for a picture 
frame speaker, a display, a shielding material, a 
window, and other subjects. Also, the panel 
speaker may be provided with a light reflection 
5 preventive film on the surface of the acoustic 
vibrating plate. In this case, the panel speaker 
can be favorably used for a display. In addition, 
when a light reflecting film is provided on the 
acoustic vibrating plate, the panel speaker can 

10 be applied to various types of mirror. 

It would be appreciated that the present 
invention is not limited to the foregoing 
embodiments but any changes and modifications may 
be made without departing the technical spirit 

15 and scope of the present invention. 

The panel speaker according to the present 
invention has each vibration driver mounted at 
the edge or the corner of the acoustic vibrating 
plate apart from the center of the acoustic 

20 vibrating plate. Therefore, the overall thickness 
can be reduced when the panel speakers are stored. 
As a result, the handling of the panel speaker or 
a system using the panel speaker can be made 
easier . 

25 Also, when the acoustic vibrating plate is 

made of a light transparent material, the 
background can be viewed without prevention by 
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the vibration driver. When the panel speaker is used as a 
picture frame speaker, the acoustic vibrating plate made of 
a transparent film can permit the photograph or picture 
behind to be viewed clearly. Moreover, the panel speaker 
5 can be used in a variety of applications with a display, a 
shielding, a window, and other subjects. 

Each feature disclosed in this specification (which 
term includes the claims) and/or shown in the drawings may 
be incorporated in the invention independently of other 
10 disclosed and/or illustrated features. 

Statements in this specification of the "objects of 
the invention" relate to preferred embodiments of the 
invention, but not necessarily to all embodiments of the 
invention falling within the claims. 
15 The description of the invention with reference to the 

drawings is by way of example only. 

The text of the abstract filed herewith is repeated 
here as part of the specification. 

A panel speaker includes an acoustic vibrating plate 
20 1, and a vibration driver 2 mounted off a center of the 
acoustic vibrating plate 1 and applying vibration to the 
acoustic vibrating plate. A control unit 50 may be 
provided to control the vibration driver to apply vibration 
to the acoustic vibrating plate 1. 
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CLAIMS : 

1. A pan 1 speaker comprising: 

an acoustic vibrating plate; and 
a vibration driver mounted off- 

center of said acoustic vibrating plate and applying 
5 vibration to said acoustic vibrating plate. 

2. A panel speaker according to claim 1, wherein 
sa id vibration driver is located outside of a 

region defined by connecting correspcnding intermediate points (preferably the raid-points) c 
lines extending between said center of said acoustic 
5 vibrating plate and corners of said acoustic vibrating 
plate • 

3. A panel speaker according to claim 2, wherein 
said • vibration driver is located at or 
adjacent to an edge portion of said acoustic vibrating 
plate. 

4. A panel speaker according to claim 2, wherein 
said acoustic vibrating plate is formed to have 
substantially a polygonal shape, and said 
vibration driver is located at or adjacent to a corner 

5 of said acoustic vibrating plate. 

5 # A panel speaker according to claim 2, wherein a 

direction of application of said vibration by the 
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specific vibration driver is a direction other than a 
direction perpendicular to a surface plane of said 
5 acoustic vibrating plate, 

6. A panel speaker according to any one of claims 
1 to 5, said panel speaker comprises a plurality of 

vibration drivers including the aforementioned vibration 

driver, mounted outside of a region defined by 
5 connecting intermediate points of lines extending 

between a center of said acoustic vibrating plate and 
edges of said acoustic vibrating plate, and applying 
vibrations on said acoustic vibrating plate • 

7. A panel speaker according to claim 6, wherein 
said acoustic vibrating plate is formed to have 
substantially a polygonal shape, and at least one of 
said plurality of vibration drivers is located at or 

5 adjacent to one corner of said acoustic vibrating 
plate . 

8. A panel speaker according to claim 6 or 7, 
wherein a direction of application of said vibration 
by at least one of said plurality of vibration drivers 
is a direction other than a direction perpendicular to 

5 a surface plane of said acoustic vibrating plate. 



9. A panel speaker according to any of claims 6 to 
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8, wherein an amplitude of said vibration applied by 
at least one of said plurality of vibration drivers is 
different from an amplitude of said vibration applied 
by each of the remaining vibration drivers. 

10. A panel speaker according to any of claims 6 to 

9, wherein a direction of said vibration applied by at 
least one of said plurality of vibration drivers is 
different from a direction of said vibration applied 
by each of the remaining vibration drivers. 

11. A panel speaker according to any of claims to 

10, wherein a phase of said vibration applied by at 
least one of said plurality of vibration drivers is 
different from a phase of said vibration applied by 
each of the remaining vibration drivers. 

12. A panel speaker according to any of claims 6 to 

11, further comprising: 

a control unit controlling at *least one of said 
plurality of vibration drivers. 

13. A panel speaker according to claim 12, wherein 
said control unit controls an amplitude of said 
vibration applied by said at least one vibration 
driver. 
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14. A panel speaker according to claim 12 or 13 , 
wherein said control unit controls said plurality of 
vibration drivers to control propagation of vibration 
in said acoustic vibrating plate. 

15. A panel speaker according to any of claims 12 
to 14, wherein said control unit controls a phase of 
said vibration applied by said at least one vibration 
driver. 

16. A panel speaker according to any of claims 1 to 
15, wherein said acoustic vibrating plate has a 
transparent member provided at least locally thereon 
to allow a background to be viewed. 

17. A panel speaker according to claim 16 , wherein 
said acoustic vibrating plate has a reflection 
preventing film provided at least locally thereon to 
prevent reflection of incoming light. 

18. A panel speaker according to any of claims 1 to 
17, wherein said acoustic vibrating plate has a light 
reflective film provided at least locally thereon to 
reflect incoming light. 

19. A panel speaker substantially as herein described with 
reference to any of figures 7 to 25 of the accompanying drawings. 
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